S
evere tricuspid regurgitation (TR) is prevalent and negatively affects long-term outcomes. [1] [2] [3] [4] [5] However, TR remains undertreated because of the high morbidity and mortality associated with tricuspid valve (TV) surgery. [6] [7] [8] [9] [10] Nevertheless, recent developments in the field of transcatheter valve interventions have stimulated a renewed interest in the "forgotten" TV. [11] [12] [13] Early in-human experiences demonstrated the feasibility of several transcatheter tricuspid repair and replacement systems in treating TR, but they also highlighted the particularly challenging anatomical features of the TV, subvalvular apparatus, and right ventricle. [14] [15] [16] [17] [18] [19] [20] [21] A handful of transcatheter TV therapies are being tested in early feasibility trials (clinicaltrials.gov trial: NCT-02787408, NCT-02339974, NCT-02574650, NCT-02981953, NCT-02471807). 13 Given the growing interest in transcatheter TV therapies, contemporary outcomes of TV surgery are relevant and can be used as a benchmark for early investigations of these therapies. Previous investigations of TV surgery outcomes included small numbers, noncontemporary design, or heterogeneous groups of patients. [6] [7] [8] [9] We aim to use a large contemporary nationwide registry to assess characteristics and outcomes of patients undergoing TV surgery in the United States between January 1, 2003 and December 31, 2014, with a special emphasis on isolated TV repair (TVr) and replacement (TVR).
Methods
The data, analytic methods, and study materials are available to other researchers on request for purposes of reproducing the results or replicating the procedure. Institutional review board approval was obtained. Informed consent requirements were waived because the data are derived from a nationwide deidentified database.
Study Data
The Nationwide Inpatient Sample (NIS) was used to derive patient relevant information between January 2003 and December 2014. The NIS is the largest publicly available allpayer administrative claims-based database and contains information about patient discharges from %1000 nonfederal hospitals in 45 states. It contains clinical and resource use information on 5 to 8 million discharges annually, with safeguards to protect the privacy of individual patients, physicians, and hospitals. The NIS shares certain similarities with the Medicare database, including the same International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) coding system for procedures and diagnoses. Contrary to the Medicare database, the NIS includes all payers and patients across all ages. These data are stratified to represent %20% of US inpatient hospitalizations across different hospital and geographic regions (random sample). The national estimates (NEs) represent a calculated estimate of the total (100%) US hospitalized population. This is calculated using the Agency for Healthcare Research and Quality sampling and weighting method. Outcomes analysis was performed using the actual 20% sample available in the NIS, whereas the trend analysis was performed using the NE. This is a standard method in other research involving the NIS. 
Study Population

Trends of Use and Outcomes of TV Surgery
Temporal changes in clinical risk profile, hospital and socioeconomic characteristics, type of surgery (TVR versus TVr), and choice of prosthesis in patients undergoing TV surgery were described. The patients were then divided into 2 groups: group 1 included patients who underwent TVR, and group 2 included patients who underwent TVr. For each of the 2 groups, baseline patient comorbidities and procedural characteristics were described. In-hospital mortality, postoperative morbidities, length of stay, disposition patterns, and cost of care were also evaluated. Patient relevant descriptive statistics are presented as frequencies with percentages for categorical variables and as means with SDs for continuous variables. Baseline characteristics were compared between the groups using a Pearson v 2 test for categorical variables and an independent-sample t test for continuous variables. To assess for monotonic trends of use and outcomes, we used the nonparametric Mann-Kendal trend. To estimate the cost of hospitalization, the NIS data were merged with cost/charge ratios available from the Agency for Healthcare Research and Quality Project. We estimated the cost of each inpatient stay by multiplying the total hospital charge with cost/charge ratios. Adjusted cost for each year was calculated in terms of 
Clinical Perspective
What Is New?
• Tricuspid valve surgery for tricuspid regurgitation is infrequently performed in the United States.
• In-hospital morbidity and mortality and cost after isolated tricuspid repair or replacement are high and did not change significantly during the past decade.
• These suboptimal outcomes are likely related to patient risk profile and referral timing rather than to the risk of the operation.
What Are the Clinical Implications?
• These data may serve as a benchmark for the emerging transcatheter tricuspid valve therapies.
• Further investigations are needed to assess the impact of late referral on the outcomes of tricuspid valve surgery.
the 2014 cost, after adjusting for inflation, according to the latest consumer price index data released by the US government, Department of Labor. 22 All statistical analyses were performed using SPSS, version 24 (IBM Corporation), and R, version 3.3.1.
Results
A total of 9194 patients representing an NE of 45 477 patients who underwent TV surgery were included in our study. Of those patients, 22.4% underwent TVR and 77.6% underwent TVr. The number of patients undergoing TV surgery for TR increased by 48% from 3100 in 2003 to 4600 in 2014 (P trend =0.009) ( Figure 2 , Table S1 ). Concomitant cardiac surgery was performed in most patients: 61.4% and 85.2% of patients who underwent TVR and TVr, respectively. During the study period, there was a trend towards performing TV surgery on patients with a higher prevalence of comorbidities and during nonelective admissions (Table 1) . Mitral valve repair/replacement remained the most common concomitant procedures with TV surgery.
Characteristics and Outcomes of Patients Undergoing Isolated TVR
A total of 2062 patients (NE=10 207) underwent TVR during the study period, of whom 795 (NE=3937) underwent isolated TVR. Among patients who underwent TVR, the proportion who underwent isolated TVR increased over time (Figure 3 ). Their mean age was 56AE17 years, 57.6% were women, and 71.9% were whites. Comorbidities were common, as illustrated in Table 2 . Interestingly, there was a significant number of patients with chronic kidney (23%) and liver (11.1%) disease. Most isolated TVRs were performed at teaching institutions (86%) and during elective admissions (65%). Bioprosthetic valves were used in 61.6% of patients. In-hospital mortality was high (10.8%) and did not improve over time (Figure 4) . With the exception of stroke, which occurred in 1.3% of patients, rates of major postoperative morbidities were high: acute kidney injury occurred in 27.8%, new dialysis was initiated in 5.5%, and permanent pacemakers were implanted in 34.1% of patients. Other postoperative complications were also not uncommon, as summarized in Table 3 . Resource use was intensive; mean hospital length of stay was 19AE24 days, and mean cost of hospitalization was $84 637AE$83 003. Approximately one fifth of patients were discharged to an intermediate-care facility.
Patients who underwent TVR concomitant with other cardiac surgery during the same period represented a different cohort of patients, as illustrated in Table S2 . Interestingly, despite being older and having higher incidences of major morbidities, these patients experienced similar unadjusted rates of death, stroke, and acute kidney injury requiring dialysis compared with those who underwent isolated TVR (Table S3 ).
Characteristics and Outcomes of Patients Undergoing Isolated TVr
A total of 7132 patients (NE=35 270) underwent TVr, of whom 569 (NE=2820) underwent isolated TVr. The number of patients undergoing isolated TVr increased over time but remained minuscule overall ( Figure 5 ). Their mean age was 54AE18 years, 51.1% were women, and 64.6% were whites. Despite the younger age of these patients, comorbidities were common (Table 2) . Interestingly, a significant percentage of patients (45.8%) underwent isolated TVr during a nonelective admission.
In-hospital mortality occurred in 8.1% of patients and remained unchanged during the study period ( Figure 4 ). Also, rates of postoperative morbidities were high: stroke occurred in 2.3%, a vascular complication requiring surgery occurred in 5.3%, dialysis-requiring kidney injury occurred in 4.4%, and cardiac tamponade occurred in 2.5%. Also, 10.9% of patients required a permanent pacemaker. The mean hospital length of stay was 23AE26 days, and the mean cost of hospitalization was $120 849AE$123 771. Intermediate-care facilities were used in 20.1% of patients (Table 3 ). Similar to what was observed in the TVR group, patients who underwent TVr concomitant with other cardiac surgery represented a distinct cohort of older patients with higher prevalences of diabetes mellitus, chronic lung disease, atrial fibrillation, and coronary and peripheral vascular disease ( Table S4 ). Despite that, these patients had lower unadjusted in-hospital morbidity and mortality and cost than those who underwent isolated TVr (Table S5 ).
Discussion
The main findings of the present investigation are as follows: (1 (2) patients with heart failure who are treated medically, 24, 29 and (3) patients with severe isolated TR who are treated medically. 30, 31 There is also a growing body of evidence suggesting a potential mortality benefit of early treatment of TR in both patients with isolated TR and those with TR concomitant with mitral valve disease. 23, 30, 32 Despite that, our study suggests that many patients with TR, especially those with isolated TR, are not undergoing surgery in contemporary practice: between 2003 and 2014, an average of %3890 TV surgical procedures for TR were performed annually in the United States; of these, only %570 (15%) were done for isolated TR. However, the low rates of TV surgery for TR observed in this study need to be interpreted with caution for several reasons: (1) The incidence rates of TR, rates of referral, and refusal of surgery have not been well studied and cannot be assessed with this data set; therefore, the magnitude of undertreatment of TR cannot be ascertained. (2) Despite the increasing acceptance of the potential role of TV surgery in patients with TR, high-quality supportive evidence is sparse. Indeed, most American College of Cardiology/American Heart Association recommendations on surgery for TR are assigned a weak (level C) class of evidence and do not contain any class I indication for isolated surgery for TR. 33 Nevertheless, our data reveal that TV surgery is infrequently performed, highlighting the need for further investigations of the epidemiological features of TR and its management patterns.
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Analysis of the baseline and procedural characteristics of our study's population revealed several intriguing findings: (1) Patients who underwent isolated TV surgery were younger than patients undergoing other valve surgery; the mean age was 56AE17 and 54AE18 years for patients undergoing isolated TVR and TVr, respectively. Emerging transcatheter therapies for TV diseases may, therefore, need to demonstrate not only safety and efficacy but also long-term durability, perhaps longer than what has been expected in the transcatheter therapies for the mitral and aortic valves. (2) Patients who undergo isolated TVR or TVr represent a distinctly different population than those who undergo TVR or TVr combined with other cardiac surgery. The patients who undergo isolated TVR or TVr have a higher prevalence of chronic kidney and liver diseases and lower prevalences of diabetes mellitus, atrial fibrillation, chronic lung disease, and atherosclerotic coronary and peripheral vascular diseases. The younger age and the higher prevalence of chronic kidney and liver diseases in the isolated TV surgery groups may suggest the presence of more severe TR-related symptoms in this population, warranting isolated TV surgery. (25) clear and statistically significant trend towards performing TV surgery in sicker patients with a higher prevalence of major morbidities. (5) Contrary to what has been seen in treatment of mitral regurgitation, current surgical treatment of isolated TR remains primarily one of replacement, not repair. Isolated TVR and TVr were associated with significant inhospital mortality (10.9% and 8.1%, respectively). Although these mortality rates did not significantly improve over time, this can partially be related to the trends towards treating sicker patients in more recent years. There rates, however, represent the outcomes of "all comers" who underwent TV surgery and remain several folds higher than contemporary operative mortality rates after isolated mitral valve repair (1.4%-2.6%), mitral valve replacement (3.8%), and aortic valve replacement (2.2%) in the United States. [34] [35] [36] The frequency of postoperative morbidities, the protracted hospital length of stay, and the substantial cost of TV surgery were also absorbing: (1) We noted high rates of postoperative permanent pacemaker implantation (34.1% after isolated TVR and 10.9% after isolated TVr), much higher than what has been reported after other valve surgical procedures. [34] [35] [36] These findings, nevertheless, are in line with prior single-center reports showing pacemaker rates of 13% to 28% after TV In contemporary practice, <2% of patients undergoing isolated aortic valve replacement and 1% to 2% of patients undergoing mitral valve surgery require dialysis postoperatively. [34] [35] [36] This is likely because of the high prevalence of chronic renal and liver disease in patients with TR attributable to right-sided heart failure. (3) Postoperative stroke rate was relatively high (2.3%) among patients who underwent isolated TVr. Further studies are needed to identify the root cause of this higher than expected rate. (4) Mean lengths of stay in our study were 19AE24 and 23AE26 days after TVR and TVr, respectively. These hospitalizations are significantly longer than contemporaneous hospital length of stay after aortic and mitral valve replacement (6 and 7 days, respectively).
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The protracted stays were also associated with a substantial cost: $84 637AE$83 003 for isolated TVR and $120 849AE$123 771 for isolated TVr. The higher cost associated with TVr can be partially explained by the differences in patient risk profiles and demographics and the longer hospitalizations in the TVr group.
These cost values, nevertheless, are %2-fold higher than parallel cost data published from the NIS for isolated aortic and mitral valve surgical procedures. 41 These data may be encouraging to the rising transcatheter TV therapies. These repair and replacement systems, if deemed safe and effective, are likely to perform well in cost-effectiveness analyses because of the substantial cost resource use associated with TV surgery.
The discussion of these findings would not be complete without alluding to the impact of late presentation on the outcomes of TV surgery. Kilic et al demonstrated an inverse relationship between the duration of disease and outcomes. 8 In their study, surrogates for late presentation exerted a greater effect on mortality than the addition of concomitant other valves procedures. Although identification of disease duration in our database is not possible, the high prevalence of chronic renal and liver disease and the high proportion of nonelective TV operations indicate that late presentation may be common among patients with TR undergoing TVR or TVr in current practice.
Limitations
This study has several limitations. (1) The NIS is derived from hospital claims data and subject to the shortcomings of other administrative data sets. Inconsistencies related to diagnosis coding may underestimate or overestimate adverse events. However, the Agency for Healthcare Research and Quality quality control measures should minimize these possibilities.
(2) Cause of TV disease, left ventricular ejection fraction, right ventricular function, duration of TV disease, and baseline and postoperative echocardiographic data are not captured in the NIS. Also, details on specific outcomes beyond hospital discharge are not available in the NIS. (3) Finally, this study included patients who were likely deemed acceptable surgical candidates, which may underestimate the actual morbidity and mortality for higher-risk patients who are being denied TV surgery. Nevertheless, this study provides the largest "realworld" outcomes data on TV surgery for TR, offering important insights into a cohort of patients who will be the focus of multiple investigations in the field of transcatheter TVR and TVr. 
Conclusions
In contemporary practice, patients who undergo isolated TVR and TVr experience high postoperative morbidity and mortality, lengthy hospitalizations, and substantial cost. Further investigations to assess the impact of late referral on these outcomes are needed.
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